The dorsomedial prefrontal cortex (dmPFC) is consistently involved in tasks requiring the processing of mental states, and much rarer so by tasks that do not involve mental state inferences. We hypothesized that the dmPFC might be more generally involved in high construal of stimuli, defined as the formation of concepts or ideas by omitting non-essential features of stimuli, irrespective of their social or non-social nature. In an fMRI study, we presented pictures of a person engaged in everyday activities (social stimuli) or of objects (non-social stimuli) and induced a higher level of construal by instructing participants to generate personality traits of the person or categories to which the objects belonged. This was contrasted against a lower level task where participants had to describe these same pictures visually. As predicted, we found strong involvement of the dmPFC in high construal, with substantial overlap across social and non-social stimuli, including shared activation in the vmPFC/OFC, parahippocampal, fusiform and angular gyrus, precuneus, posterior cingulate and right cerebellum.
INTRODUCTION
Research on the neural underpinning of social cognition has revealed a distinction between two neural networks: a mirror network, involved in processing concrete observable behaviors, and a mentalizing network, involved in the inference of mental states or durable characteristics (see Frith and Frith, 2006; Van Overwalle and Baetens, 2009) . One important region in the mentalizing network is the medial prefrontal cortex (mPFC).
The mentalizing system, and the mPFC in particular, is engaged by a broad range of tasks involving emotion, the self, theory of mind and evaluation (Mitchell, 2009; Van Overwalle, 2009 ). As noted by Mitchell (2009) , the mPFC is rarely involved (or even deactivated) in most studies on semantic memory, perception and executive functioning. A recent meta-analysis by Van Overwalle (2011) supports this notion, showing that activation of the mPFC in a broad set of reasoning studies was proportional to the amount of mentalizing content in the stimulus material, defined broadly as stimuli containing goal-directed action, beliefs, moral (in)justice, personality traits, social categories or emotions. Nevertheless, in contrast to this domain-specific view, some studies exist in which activation of the mPFC was observed in absence of such content (see later in the text).
Several authors have suggested a common process underlying the recruitment of the mPFC, whether the task requires mental state inferences. Mitchell (2009) suggested that the mPFC might subserve fuzzy cognition, that is, cognition that is not aiming at a maximally accurate or direct representation of reality but is involved in representations, which are 'inexact, probabilistic, internally generated and subject to revision' (Mitchell, 2009, p. 249) . That the mPFC is mainly recruited by social cognitive processes might then be due to the fact that they rely more often on fuzzy representations than non-social cognitive processes. However, this explanation leaves unspecified exactly what fuzzy representations and their constituent features are. According to Legrand and Ruby (2009) , the mentalizing network, including the mPFC, is involved in evaluation, defined broadly as 'inferential processes and memory recall ' (p. 264) . As such, they assert that activity in the mentalizing system is not exclusively related to either self-related or mental state-related processes. However, this account does not explain why activation of the mentalizing network is proportional to the amount of mentalizing content in the stimulus material (Van Overwalle, 2011) , and particularly why the network is often not activated by tasks that do seem to require inference processes and memory recall.
In the present study, we want to put forward an alternative hypothesis explaining mPFC activation more generally, both in tasks that do and do not involve the processing of mental states, particularly activation of its dorsal aspect [dorsomedial prefrontal cortex (dmPFC) ; centered at the Montreal Neurological Institute coordinates 0, 50, 35 with 15 mm radius as specified by Van Overwalle and Baetens, 2009] . Our hypothesis relies on construal level theory (for a review, see Trope and Liberman, 2010) . Construal level theory posits that there are four dimensions of psychological distance toward a stimulus (spatial, temporal, social and hypothetical) , with a positive correlation between psychological distance and construal level of the stimuli. A higher construal entails the preservation of central qualities while disregarding less essential features. To illustrate in the social domain, Trope and Liberman (2010, p. 442) claim that, 'construing another person's behavior in terms of a personality trait (a high-level construct) involves considering that person's behavior in the past and future, in other places, and in hypothetical situations'. This process of mentally traversing psychological distance, away from the present, concrete, sensory here and now, might be a more general function subserved by the dmPFC.
Several studies using tasks involving mental state inferences suggest a correlation between dmPFC activation and construal level or psychological distance. The dmPFC has been shown to become more active in personality judgment, as the target is perceived to be more different from the self (social distance; Tamir and Mitchell, 2010) . Higher dmPFC activation was observed when participants reflected on distal rather than proximal life goals (temporal distance; Packer and Cunningham, 2009) . In an extensive meta-analysis, Van Overwalle and Baetens (2009) concluded that the dmPFC is involved in inferring enduring rather than temporary mental characteristics (e.g. personality traits vs goals), indicating a larger temporal distance in terms of construal level theory. colleagues (2010, 2011) asked their participants to describe the how, what and why of another's behavior. These questions prompt progressively higher levels of construal or levels of identification in terms of Action Identification Theory (Vallacher and Wegner, 1987) , shifting focus from the concrete particulars of how the action is performed to its reasons, implications and effects. colleagues (2010, 2011) found that engagement of the dmPFC progressively increased with the level of identification of an observed action (how < what < why). Results of one recent study seem less in keeping with our hypothesis: Tamir and Mitchell (2011) manipulated all four types of psychological distance in an affective forecasting task and found a positive correlation between psychological distance and dmPFC activation only for the social dimension.
Although studies reporting dmPFC involvement without any mentalizing stimulus material are rather rare (Van Overwalle, 2011) , some authors have found dmPFC activation in non-social reasoning. Crucially, the need for higher Construal Level (CL) may drive dmPFC activation in these cases too. For instance, increasing dmPFC recruitment has been found, given enhanced uncertainty and unconstrained choice, using a variety of paradigms and tasks (e.g. objective uncertainty in gambling studies, Xue et al., 2009; Stern et al., 2010 ; uncertainty in line length judgment, Grinband et al., 2006 ; free choice vs rule-governed choice, Rowe et al., 2008) , which can be conceptualized as increasing distance on the hypothetical dimension toward the outcomes of the choices, leading to a higher CL. Furthermore, it has been shown that uncertainty by itself may lead to more global processing of stimuli (Förster, 2012) . A number of studies demonstrated dmPFC involvement in non-social high construal reasoning, when tasks require the disregarding of inessential or unshared features of stimuli (e.g. judging abstract > concrete properties of animals, Goldberg et al., 2007; inductive > deductive reasoning, Goel et al., 1997 ; semantic distance in an analogy task, Green et al., 2010;  constructing narrative or causal coherence, von Cramon, 2001, 2002; Siebörger et al., 2007; Kranjec et al., 2012; integrating premises, Fangmeier et al., 2006 ; sequences with task-irrelevant structure > random sequences, Turk-Browne et al., 2009 ).
The present research
In brief, we propose that the dmPFC might be crucially involved in higher construal of stimuli, independent of whether the task requires mental state inference. To test this hypothesis, we presented photos depicting either a woman performing routine activities (e.g. eating a salad) or manmade objects, animals and natural phenomena of neutral valence (Figure 1 ). Orthogonal to this, we manipulated level of construal, by asking participants to generate verbal descriptions of the visual characteristics of the image (low construal levelvisual) or to make abstractions of what they saw (high construal levelcategory).
More specifically, for person pictures, they were asked to generate personality traits that could possibly drive the depicted behavior. Such explicit trait inferences consistently engage the mentalizing system (e.g. Ma et al., 2012) . For objects, they were asked to generate non-evaluative semantic categories by completing the sentence 'This is an example of . . .', a task used in the past to prime a high construal level (Wakslak and Trope, 2009) . We expected that the high construal condition would activate the dmPFC more than the low construal condition, and that there would be an important overlap in the dmPFC for trait inference based on person pictures and semantic categorization based on object pictures.
METHODS

Participants
Nine men and nine women, right-handed, aged between 18 and 31 years participated in exchange for E10. One additional participant was excluded because of excessive movement artifacts. None of the participants reported an abnormal neurological history, and all had normal or corrected-to-normal vision. Informed consent was obtained according to the guidelines of the Medical Ethics Committee at the Ghent University Hospital and the Brussels University Hospital.
Procedure
Participants practiced the tasks outside the scanner until they could execute them correctly and confidently. They were asked to perform the same tasks in the scanner, but in silence.
Each trial consisted of a picture presentation of 7 s. Participants were asked to generate responses during the entire presentation. The images either depicted a person engaged in everyday activities (person trials) or an animal, manmade object or natural phenomenon (object trials). Each picture was presented twice in the course of the experiment, once under low construal (visual-perceptual) and once under high construal (category) instructions. All trials were presented in a fully random order.
In low-construal trials, participants were requested to generate as many visual descriptions of the picture as possible during the entire 7 s presentation time. For person pictures, this entailed descriptions of the posture or position of the person, or descriptions of objects involved in the behavior. They were asked not to describe objects or aspects of the background that were not related to the behavior. For object pictures, this concerned color, texture, shape or structure of the object. For both picture types, participants were explicitly asked not to generate subjective (e.g. 'big') or evaluative (e.g. 'ugly', 'concentrated') descriptions or interpretations and to avoid descriptions based on what they knew but could not see (e.g. 'it has a rectangular base' for the Gizeh pyramid). In high-construal person trials, participants were asked to generate personality traits that could drive the depicted behavior. As all person pictures displayed the same person, participants were asked to treat her as an actress. Furthermore, they were asked to base themselves on the behavior and not on her facial expression. Lastly, participants were asked not to infer temporary goals or motivations (e.g. 'she wants to call somebody'). In high-construal object trials, participants were asked to generate non-evaluative categories that applied to the depicted object. As an aid, they were told to generate completions of the sentence 'This is an example of . . .', in line with Wakslak and Trope's (2009) manipulation to prime a high construal mindset. They were explicitly informed that the name of the object, as well as subcategories of previously generated categories, was considered valid. They were asked not to categorize based on visual features (e.g. 'yellow things') or on subjective grounds (e.g. 'ugly things').
Each trial was preceded by a 2 s display of a fixation cross and a 2 s display of the instructions for that trial ('Describe visuallyperson', 'Describe visuallyobject', 'Generate traits' or 'Generate categories'). After the presentation of each picture, participants were asked to rate how difficult they had found this particular task for this particular picture on a four-point scale (1 ¼ very easy, 2 ¼ rather easy, 3 ¼ rather difficult, 4 ¼ very difficult), by pressing one of four buttons on a response box positioned just below their non-dominant hand. The difficulty rating question remained on screen until participants responded.
Participants performed 10 practice trials inside the scanner before the start of the experiment. Immediately after scanning, they were presented with all the pictures and were asked to reproduce as much of the output they had generated during the experiment as possible. They were explicitly requested to include answers that were not in accordance with the instructions, as the main purpose of this procedure was to be able to exclude such trials from the analysis.
Stimulus material
The 30 person images were stills taken from video clips kindly provided by Spunt and Lieberman (2012) . The object pictures depicted 15 manmade objects or structures (e.g. a lawn mower, a pyramid), 15 non-manmade objects, such as animals (e.g. a heron), plants or parts thereof (e.g. an acorn) and natural phenomena (e.g. lightning), all on a neutral background.
In a pilot study, three groups of 86 participants in total rated the valence of half of the object pictures (68 in total) or all the person pictures (51) on a five-point scale (1 ¼ very unpleasant, 2 ¼ rather unpleasant, 3 ¼ neutral, 4 ¼ rather pleasant and 5 ¼ very pleasant) and generated visual characteristics and categories under the same instructions as applied in the experiment. Additionally, they rated how difficult they found this task (1 ¼ very easy, 2 ¼ rather easy, 3 ¼ average, 4 ¼ rather difficult and 5 ¼ very difficult). All groups were instructed to complete the task in 90 min.
To minimize the influence of valence effects, all pictures with a mean valence rating <2 or >4 were excluded. To ensure a maximal variation of difficulty over trials, we made alternating selections of the most and least difficult stimuli for the visual and non-visual task out of the remaining pool of pictures. As such, we obtained 30 person pictures, 15 manmade object pictures and 15 non-manmade object pictures. All pictures were cropped to 717 Â 461 pixels and were centrally presented.
Imaging procedure
Images were collected with a 3 T Magnetom Trio MRI scanner system (Siemens Medical Systems, Erlangen, Germany), using an 8-channel radiofrequency head coil. The monitor display with a resolution of 1024 Â 768 pixels was projected onto a screen at the end of the magnet bore, visible by means of a mirror mounted on the head coil. We used E-Prime 2.0 software (www.pstnet.com/eprime; Psychology Software Tools) for the stimulus presentation. To minimize head movements, foam cushions were placed inside the head coil. First, we collected a high resolution T1-weighted structural scan (MP-RAGE), followed by a functional run of 922 volume acquisitions (30 axial slices; 4 mm thick; 1 mm skip) using a gradient-echo echoplanar pulse sequence (TR ¼ 2 s; TE ¼ 33 ms; 3.5 Â 3.5 Â 4.0 mm in-plane resolution).
Image processing
The fMRI data were preprocessed and analyzed using SPM8 (Wellcome Department of Cognitive Neurology, London). To remove noise and artifacts, data were preprocessed for each functional run. Functional data were corrected for differences in acquisition time between slices per whole-brain volume, realigned within and across runs to correct for head movement and coregistered with each participant's anatomical data. Functional data were then transformed into a standard anatomical space (2 mm isotropic voxels) based on the ICBM 152 brain template (Montreal Neurological Institute). These normalized data were spatially smoothed (6 mm full-width-at-half-maximum) using a Gaussian kernel. Subsequently, to exclude excessive motion artifacts and correlations between motion and experimental design or between global mean signal and the experimental design, we examined the realigned data using the Artifact Detection Tool software package (http://web.mit.edu/swg/art/art.pdf; http://www.nitrc.org/ projects/artifact_detect). Outliers were identified in temporal difference series by assessing between-scan differences (Z-threshold: 3.0, scan to scan movement threshold 0.45 mm; rotation threshold: 0.02 rad). No correlations between motion and experimental design or global signal and experimental design were identified. One female participant was excluded from further analysis owing to excessive motion artifacts, leaving a total of nine male and nine female participants. Finally, trials in which participants reported incorrect answers in the post-scan questionnaires (4.2% of the total, rated by two independent judges) were omitted by including them in the error term. Six directions of motion parameters from the realignment step and outlier time points (defined by Artifact Detection Tool) were included as nuisance regressors. We used a default high-pass filter of 128 s, and serial correlations were accounted for by the default auto-regressive AR(1) model.
Statistical analyses
The statistical analysis involved first-level single participant analyses (specifying each condition of interest) all time-locked at the presentation of the picture, using a canonical hemodynamic response function with event duration set to 7 s (given the instruction to generate responses during the entire stimulus presentation), followed by secondlevel group analyses. Comparisons of interest were performed at the second-level using the general linear model of SPM8 in which the event-related design was modeled including a participant's factor to account for between-participant variance. To account for variance explained by differences in difficulty between conditions, we included a regressor of no interest with the mean difficulty rating per participant per condition (overall mean centered, no interactions specified). To statistically compare the experimental conditions, we conducted a repeated measures analysis of variance on the parameter estimates associated with each trial type, with Construal Level (high vs low) and Picture Type (person vs object) as within-participant factors.
Comparisons of interest were implemented as linear contrasts using a random-effects model. As a main effect of either Construal Level or Picture Type could be potentially be driven by one of both comprising individual conditions, we conducted conjunction analyses (conjunction null) to identify regions more active in high than low construal tasks across both types of pictures. A voxel-based statistical threshold of P 0.05 (FWE-corrected), as well as a minimum cluster size of 10 voxels, was used for all comparisons.
Lastly, we identified brain regions in which activation was a linear function of the difficulty rating over all experimental conditions per participant. For this analysis, on the first level, all trials were treated as belonging to a single condition, and difficulty rating per trial per participant was included as a parametric modulator. The obtained t-statistics were analyzed on the group level by means of one sample t-tests (testing for significantly positive and negative slopes), treating participant as a random effect, again using a voxel-based statistical threshold of P 0.05 (FWE-corrected) and a minimum cluster size of 10 voxels.
RESULTS
Difficulty ratings
A repeated measures analysis of variance with Construal Level (high vs low) and Picture Type (person vs object) as within-participant factors revealed a significant main effect of Construal Level, F(1, 17) ¼ 42.26, P < 0.001 and a significant interaction between Construal Level and Picture Type, F(1, 17) ¼ 10.30, P < 0.01. The mean difficulty per condition and the results of the post hoc comparisons can be found in Table 1 . Given the significant differences between conditions, we included difficult rating as a covariate of no interest in the fMRI analysis to limit its influence as a potential confounding variable.
Post-scanning responses
Based on the post-scan questionnaire, we also tallied the number of correct responses per condition (Table 1) . For all but one participant, there was a significant negative correlation between this measure and the difficulty ratings (mean Pearson r ¼ À0.32, all P-values < 0.05), indicating that less correct responses were given in trials judged to be difficult. Given that these measures were gathered at different points in time (during vs post-scan) and entail quantifications of different types of responses (subjective rating vs number of verbal responses), this reliable negative correlation seems to support the validity of these measurements at least to some extent.
To make sure that the high construal conditions for persons and objects were clearly separated, we verified how many mental state responses were made in the high construal object condition. For animal and natural phenomenon pictures (Table 2) , mental state/social responses were rare (<3%), and when they occurred, they uniformly concerned mental states the participants experienced themselves (e.g. describing a tiger as 'an animal many people are afraid of'). Trials containing such mental state responses were rejected from the fMRI analysis. None of the manmade object pictures elicited mental state responses; therefore, none of these trials were rejected from the analysis on this basis. Interestingly, most manmade objects elicited functional categorizations (e.g. 'gardening equipment'), which do imply human intervention to a limited extent. However, setting a clear criterion to distinguish between functional and non-functional responses was difficult (e.g. is 'lawn mower' a functional categorization? Is 'shoe'?), as was any other further meaningful subcategorization of these responses. As motivated later in the text, functional categorizations were not excluded from the fMRI analysis.
Imaging results
To verify our hypothesis that semantic categorizing is subserved by areas that are also recruited by a task requiring mental state inferences, we computed the conjunction of the high construal level (category) > low construal level (visual) contrast across the person and object conditions. This conjunction analysis revealed activations in the dmPFC, as well as in the ventral medial prefrontal cortex (vmPFC), extending to the orbitofrontal cortex (OFC), and the precuneus (also regions of the mentalizing network), the cuneus, fusiform, parahippocampal, posterior cingulate and angular gyrus and the right cerebellum (all after controlling for difficulty rating and applying an FWE-corrected threshold of P < 0.05; Table 3 and Figure 2 ).
Further, we determined which brain regions were differentially engaged in person and object conditions, given high vs low construal (Table 4) . Small clusters in the dmPFC and posterior mFC were more active during person as opposed to object conditions, as well as the fusiform and parahippocampal gyri. Conversely, a large cluster in the superior precuneus and the right lateral PFC were more active in object than person conditions. Supplementary tables provide the results of high > low and low > high construal contrasts separately for person and object pictures (Supplementary Table 1 ) and a conjunction analysis of both low > high construal contrasts (Supplementary Table 2 , see also Figure 2 ). Given the significant difference in difficulty between the conditions, we also conducted a parametric analysis over all conditions to verify whether mPFC activation was correlated with difficulty. We found no such correlation (see Supplementary Table 3) . Lastly, for the three most prominent activation peaks (dmPFC, vmPFC and precuneus), we calculated percentage signal change for all four conditions and the 2 s fixation period preceding each experimental trial (Supplementary Table 4 ). 
DISCUSSION High vs low construal
We hypothesized that the dmPFC is crucially involved in higher construal, whether the processing of mental states is required or not. Consequently, we predicted common greater dmPFC involvement in person categorization (trait inference) and object categorization than in matched, visual, low construal tasks. Our results confirmed this prediction. Additionally, this overlap encompassed other parts of the mentalizing network (vmPFC/OFC and precuneus) and the semantic system, as well as the right cerebellum (see Figure 2 and Table 3) . Although the present results confirm that the dmPFC is involved in construing both behavior and objects at a higher level, they are open to several interpretations. First, as high construals require a mental departure from the immediate here and now (Trope and Liberman, 2010) , the high construal tasks required more internally oriented processes than low construal tasks. Second, in the context of the present study, the high construal conditions may have appealed more to selfguided unconstrained processes.
First, regarding the distinction between internally and externally oriented modes of information processing, previous research has associated the lateral prefrontal cortex with internally oriented processes and the mPFC with externally oriented processes. For example, according to Burgess and colleagues' gateway hypothesis (2007) , the lateral rostral PFC is associated with attending to internal sources of information, whereas the medial PFC (BA10) is associated with attending to externally generated or maintained information (with experimental support from, e.g. Henseler et al., 2011) . This seems difficult to reconcile with the present results, showing greater dmPFC involvement in those that are allegedly more internally oriented, as well as a large number of studies from social neuroscience, demonstrating a robust association between mPFC activation and self-reflection (e.g. Jenkins and Mitchell, 2011 ; for a review, see Van Overwalle, 2009 ). This contradiction has been pointed out before (Burgess et al., 2007; Henseler et al., 2011) and resolved by distinguishing between more rostral mPFC activations (at the convexity to the lateral cortex) in studies involving internally oriented (as opposed to externally oriented) processes and more caudal mPFC activations in the social neuroscience literature. Although this account may resolve the apparent contradiction between the findings, it leaves entirely unclear why internally oriented processes result in greater activation in the (antero)lateral cortex in some cases (e.g. Henseler et al., 2011) and more (posterior) medial activation in others (e.g. many social neuroscience studies and the present results).
Second, another difference between high and low construal tasks might be the degree to which they appealed to self-guided unconstrained processes. The dmPFC is part of the default network (Gusnard et al., 2001) , which is often deactivated during cognitively demanding tasks, but which has a relatively high metabolic activity in absence of a specific task-directed context. Perhaps, the dmPFC was more involved in the high construal tasks because they delimited the range and variability of correct answers less than the low construal tasks. The precise function of the dmPFC within the default network remains poorly understood. According to Bar and colleagues (2007) , the mPFC is crucially involved in contextual association, generating BA ¼ Brodmann's Area; L and R ¼ left and right hemispheres; x, y and z ¼ Montreal Neurological Institute coordinates in the left-right, anterior-posterior and inferior-superior dimensions, respectively; t ¼ t-score at those coordinates (peak value); k ¼ cluster size (in voxels). Regions with ks that share a subscript originate from the same cluster. *P < 0.01; **P < 0.001 (FWE-corrected). The mentalizing network and high construal SCAN (2014) predictions about the immediate relevant future. Other researchers have proposed that this region plays a key role in specific meta-cognitive demands pertaining to the processing of self-generated information (e.g. Turner et al., 2008) . Therefore, if the high construal tasks rely more on self-guided processes, the involvement of the dmPFC may be due to relatively higher dependence on contextual association or the particular meta-cognitive demands imposed by self-generated information. Unexpectedly, we also found a prominent activation of the vmPFC, extending to the orbitofrontal cortex, in the conjunction of high vs low construal conditions. The vmPFC has been associated with emotion processing and regulation (for reviews, see Davidson and Irwin, 1999; Phan et al., 2002; Quirk and Beer, 2006) , and more importantly, with processing the affective significance of concepts (Binder et al., 2009) . We selected pictures with a neutral valence in the pilot study. As we presented the same pictures in high and low construal level conditions, differences in the degree of affective processing can only be explained by task differences. Given the strong affective connotation of most personality traits (e.g. Baetens et al., 2011) , the involvement of the vmPFC in our trait inference task is perhaps self-evident. For the object categorization task, this seems more surprising.
Interestingly, recent research suggests a direct link between affect and abstraction. Critcher and Ferguson (2011) reported that the affective meaning of stimuli may be processed automatically, and that this process is facilitated by an abstract mindset. Pexman and colleagues (2007) found that the vmPFC was more involved in processing abstract than concrete concepts. Further, a recent meta-analysis suggests that the vmPFC may function as a hub between conceptual information and affective responses (Roy et al., 2012) . According to this view, the vmPFC is crucially involved in the abstraction of situations or stimuli in terms of their affective meaning. Taken together, the role of the vmPFC in affective processing and the notion that an abstract mindset can facilitate the extraction of affective significance may offer a tentative explanation of the vmPFC involvement in the present study.
Apart from the mPFC, we found several significant activations in the conjunction of high vs low construal conditions in other brain regions, about which we had no a priori hypotheses. The activation of the right cerebellum may seem surprising, considering the traditional view on this structure as subserving autonomic and motor functions. However, there is increasing acknowledgement of the cerebellum's role in higher cognitive tasks (for a review, see Stoodley and Schmahmann, 2009 ). More specifically, the right cerebellum plays an important role in a variety of linguistic processes (De Smet et al., 2007; Stoodley and Schmahmann, 2009 ) and in particular, in semantic relatedness judgment of concepts (Xiang et al., 2003) . A recent review (Carrington and Bailey, 2009 ) reported involvement of the cerebellum in 25% of the reviewed theory of mind studies (e.g. Völlm et al., 2006) , a ratio comparable with that of the temporal poles and precuneus, regions often considered central to the mentalizing network.
Other activations in this conjunction included the parahippocampal, fusiform, angular and posterior cingulate gyrus, and the precuneus. These areas have been classified as core components of the semantic system (for reviews and more specific descriptions of the functional contribution of these areas, see Price, 2000; Binder et al., 2009) . A recent review (Binder et al., 2009) concluded that the left dmPFC and vmPFC too are core components of the human semantic system (although in this study, 'dmPFC' may refer to a region extending more laterally and caudally than defined by Van Overwalle and Baetens, 2009) . As these authors defined the semantic system by comparing tasks concerning the meaning of words with tasks that focused on lower-level characteristics (e.g. phonology, orthography) or required only shallower processing of their meaning, their results could also be interpreted in terms of the higher construal required in these semantic tasks.
The present results seem at odds with one previous study (Tamir and Mitchell, 2011) , which explicitly investigated the impact of all four dimensions of psychological distance according to construal level theory in an opinion/preference judgment task. In proximal trials, participants had to indicate to which extent they themselves held certain opinions or preferences in the present here and now. In distal trials, they had to rate how much they anticipated holding the same opinions or preferences somewhere else (spatial distance), in the future (temporal distance), how much they believed somebody else to hold this opinion or preference (i.e. 'Obama', social distance) or how much they themselves would if they were of the opposite sex (hypothetical distance). According to construal level theory, greater psychological distance is associated with higher construal. Therefore, if dmPFC activation is associated with high construal, one would expect involvement of this region in the comparison of distal vs proximal judgments. BA ¼ Brodmann's Area; L and R ¼ left and right hemispheres; x, y and z ¼ Montreal Neurological Institute coordinates in the left-right, anterior-posterior and inferior-superior dimensions, respectively; t ¼ t-score at those coordinates (peak value); k ¼ cluster size (in voxels). Regions with ks that share a subscript originate from the same cluster. *P < 0.01; **P < 0.001 (FWE-corrected).
However, this comparison yielded little significant activation: none for the temporal and spatial dimension and clusters in the precuneus and cingulate gyrus for the hypothetical dimension. Only the results for the social dimension were in accordance with the results of the present study, with significant activations in the dmPFC, orbitofrontal cortex and precuneus for distal vs proximal judgments. How can this discrepancy be explained? First, it must be noted that a preference or opinion by itself may constitute a relatively high level of construal so that a rather strong manipulation of psychological distance may be required to overcome potential ceiling effects. By contrast, the tasks in the present study were selected to directly elicit differences in construal level, without manipulation of social distance. More critically, stimuli for the spatial, temporal and hypothetical dimensions in the study by Tamir and Mitchell (2011) were selected based on the criterion that the distance manipulation did not influence preference/opinion ratings (e.g. 'How much would you like eating a banana here vs. in Oxford?'). As a result, the manipulation created an artificial context in the distal conditions and may therefore have been insufficient to bring about a higher construal of the activity. Interestingly, the same stimulus selection criterion was not applied for the social dimension (another person always has at least some different opinions/preference), and the results for this dimension (i.e. greater dmPFC activation for distal than proximal trials) was in accordance with the present study. Obviously, further research using more ecologically valid manipulations is needed to shed light on the precise impact of psychological distance and to reconcile the results of Tamir and Mitchell (2011) with the present study.
High construal of persons vs objects
Our results revealed only limited clusters that were more activated in high construal of persons than of objects. This comparison yielded small but significant activations in the dmPFC, as well as in the parahippocampal, fusiform and posterior medial frontal cortex (see Table 4 ). The slightly stronger activation of the dmPFC in the person condition parallels the more frequent occurrence of dmPFC activation in social than in non-social reasoning studies (Van Overwalle, 2011) . One tentative interpretation of this preferential but non-exclusive relation may be that the need for higher construal evolved primarily to subserve our social functioning. High construals such as intentions, alliances and personality traits must have been important for our survival, even in a primitive stage of human development.
Conversely, apart from a small cluster in the lateral prefrontal cortex, an extensive area in the superior precuneus was more active in high vs low construal of objects than of persons. This part of the medial parietal lobe subserves diverse functions (for a review, see Cavanna and Trimble, 2006) . Possibly, it was more active in object trials because they engaged more mental imagery, by virtue of the fact that the objects were presented on a neutral background, isolated from any context, whereas person trials depicted an actor in a real setting.
Limitations
As participants judged the high construal conditions as more difficult, it cannot be excluded that the greater involvement of the mPFC in these conditions was due to differences in experienced task difficulty. This possibility is especially relevant, given that previous research has argued for a general role of the dmPFC in attention processes (Walter et al., 2009) . We tried to exclude this alternative explanation by including the reported difficulty as a covariate in the main analyses. Second, we verified in which voxels activation was a linear function of difficulty, revealing no such relations in the mPFC. Nevertheless, one might argue that the difficulty reported by the participants is an inadequate measure for these purposes. Therefore, it would be useful to compare high and low level construal of stimuli while keeping the objective difficulty of both tasks equal. However, owing to the qualitatively different nature of the person and object tasks, this seems challenging.
As a second alternative account for higher dmPFC activation in high vs low construal conditions for objects, one could claim that the higher construal of objects somehow provoked more processing of mental states or other social content, i.e. because animals can also be social agents. To allow for maximal generalization of our findings, we included both living (i.e. animals), non-living, manmade and nonmanmade objects in the stimulus set. The post-scanning responses (Table 2) indicate that mental state responses were rare and uniformly concerned mental states of the perceiver to animal pictures or natural phenomena (these trials were rejected from the analysis). Further, previous studies comparing the neural representation of animals and manmade objects did not report greater dmPFC activation associated with either stimulus type (see meta-analysis by Binder et al., 2009) . A related alternative account of increased mPFC activation is that the high construal task may have activated the goals associated with depicted objects, thereby activating intentions or action schemata, especially for manmade objects. However, the vast majority of the pictures did not depict manipulable objects. Moreover, according to Van Overwalle's meta-analysis of >200 fMRI studies (2009), dmPFC activation is not reliably recruited during processing of action goals or goal-directed movement. Therefore, it seems unlikely that the activation of goals or actions associated with the subset of objects that did have strong functional associations would explain the involvement of the dmPFC in the present study. Nonetheless, future research is needed to explore these alternative explanations more thoroughly.
General conclusions
We posited that involvement of the dmPFC, both in tasks that do and do not require mental state inferences, might be driven by the need to represent stimuli at a higher level of construal. In line with this hypothesis, high as opposed to low construal conditions, both for pictures involving persons and objects, shared activations in the dmPFC, vmPFC and precuneus (among other regions). Further research is required to gain insight in the precise characteristics of construal level processes that drive the activation of the dmPFC. Speculatively, the so-called mentalizing network might be essentially involved in deriving the meaning of stimuli, as opposed to their individual properties. This could entail both definable (semantic) meaning and experiential meaning, and different parts of the mentalizing network may subserve different roles in this respect. That activation of the mentalizing system is much more common in the social neuroscience literature than in other disciplines could then be simply due to the more frequent employment of tasks aimed at the meaning of stimuli.
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